Evidence against important catecholamine compensation for absent glucagon counterregulation.
To assess the counterregulatory role of glucagon and to test the hypothesis that catecholamines can largely compensate for an impaired glucagon response, four studies were performed in seven normal volunteers. In all studies, insulin was infused subcutaneously (15 mU.m-2.min-1) and increased circulating insulin approximately twofold to levels (26 +/- 1 microU/ml) observed with intensive insulin therapy. In study 1, plasma glucose fluxes (D-[3-3H]glucose) and plasma substrate and counterregulatory hormone concentrations were simply monitored; plasma glucose decreased from 87 +/- 2 mg/dl and plateaued at 51 +/- 2 mg/dl for 3 h. In study 2 [pituitary-adrenal-pancreatic (PAP) clamp], secretion of insulin and counterregulatory hormones (except for catecholamines) was prevented by somatostatin (0.5 mg/h i.v.) and metyrapone (0.5 g/4 h per os), and glucagon, cortisol, and growth hormone were reinfused to reproduce the concentrations of study 1. In study 3 (lack of glucagon response), the PAP clamp was performed with maintenance of plasma glucagon at basal levels, and glucose was infused whenever needed to reproduce plasma glucose concentration of study 2. Study 4 was identical to study 3, but exogenous glucose was not infused. The PAP clamp (study 2) reproduced glucose concentrations and fluxes observed in study 1. In studies 3 and 4, isolated lack of glucagon response did not affect glucose utilization but caused an early and persistent decrease in hepatic glucose production (approximately 60%) that caused plasma glucose to decrease to 38 +/- 2 mg/dl (P less than 0.01 vs. control 62 +/- 2 mg/dl), despite compensatory increases in plasma epinephrine. We conclude that, in a model of clinical hypoglycemia, glucagon's effect on hepatic glucose production is a dominant counterregulatory factor in humans and that its absence cannot be compensated for by increased epinephrine secretion.